D isseminated intravascular coagulation (DIC) is a serious and frequent complication in critically ill patients that is associated with a high mortality rate (1) . However, a diagnosis of DIC is hampered by the limited availability of reliable diagnostic criteria with sufficient accuracy. Based on the previously developed criteria for DIC diagnosis from the Japanese Ministry of Health and Welfare, the subcommittee of the International Society on Thrombosis and Haemostasis (ISTH) proposed an overt and a nonovert DIC scoring system (2, 3) . Both the overt and nonovert scoring systems have been prospectively validated, and this demonstrated the overt DIC scoring system to Objective: To survey the natural history of disseminated intravascular coagulation (DIC) in patients diagnosed according to the Japanese Association for Acute Medicine (JAAM) DIC scoring system in a critical care setting.
Design: Prospective, multicenter study during a 4-month period. Setting: General critical care center in a tertiary care hospital.
Patients: All patients were enrolled when they were diagnosed as DIC by the JAAM DIC scoring system.
Interventions: None.
Measurements and Main Results:
Platelet counts, prothrombin time ratio, fibrinogen, and fibrin/fibrinogen degradation products were measured, and the systemic inflammatory response syndrome criteria met by the patients were determined following admission. Of 3,864 patients, 329 (8.5%) were diagnosed with DIC and the 28-day mortality rate was 21.9%, which was significantly different from that of the non-DIC patients (11.2%) (p < .0001). The progression of systemic inflammation, deterioration of organ function, and stepwise increase in incidence of the International Society on Thrombosis and Haemostasis (ISTH) DIC and its scores all correlated with an increase in the JAAM DIC score as demonstrated by the patients on day 0. There were significant differences in the JAAM DIC score and the variables adopted in the scoring system between survivors and nonsurvivors. The logistic regression analyses showed the JAAM DIC score and prothrombin time ratio on the day of DIC diagnosis to be predictors of patient outcome. (4) . However, the nonovert DIC algorithm could not clearly distinguish nonovert DIC patients from the patients with overt DIC (5) .
The Japanese Association for Acute Medicine (JAAM) DIC Study Group recently announced new DIC diagnostic criteria for critically ill patients (6) . The scoring system was prospectively validated, thus revealing the algorithm to be able to diagnose DIC early, at a high diagnostic rate, with the use of global coagulation markers. The scoring system precisely evaluates the DIC process and its severity and can predict organ dysfunction and outcome associated with DIC for critically ill patients. In addition, almost all the patients who developed DIC based on the ISTH scoring system can be identified by the JAAM DIC criteria in the early stage.
Both the JAAM and the ISTH scoring systems for DIC have been prospectively validated for their feasibility and DIC diagnostic property; however, the clinical epidemiology of the critically ill patients diagnosed using these scoring systems has not been prospectively evaluated. The aim of this study was to address the characteristics and natural history of the DIC patients diagnosed by the JAAM DIC scoring system in a critical care setting.
MATERIALS AND METHODS
Patients. This study enrolled 329 patients in this prospective trial conducted at 14 critical care centers in tertiary care hospitals during 4-month period in 2005.
Selection Criteria. All patients diagnosed with DIC using the JAAM DIC scoring system were eligible for this study. The patients who met the following criteria were excluded: 1) Ͻ15 yrs of age; 2) hematopoietic malignancy; 3) liver cirrhosis classified as Child-Pugh grade C; 4) concomitant treatment with carcinostatics or irradiation; and 5) known clotting disorders or receiving anticoagulant therapy.
Surveillance and Data Sampling. Prospective surveillance and blood sampling were performed on admission to critical care centers and daily thereafter as part of the routine clinical and laboratory workup. Platelet count, prothrombin time, fibrinogen, and fibrin/ fibrinogen degradation products (FDP) or Ddimer were measured using established standard laboratory techniques. For the measurement of FDP, both serum and plasma samples were used (3 and 11 centers, respectively). In our country, all the companies providing the plasma FDP measuring kits confirm a significant linear regression between plasma ITP, idiopathic thrombocytopenic purpura; TTP, thrombotic thrombocytopenic purpura; HUS, hemolytic uremic syndrome; HIT, heparin-induced thrombocytopenia; APS, antiphospholipid syndrome; HELLP, hemolysis, elevated liver enzymes, and low platelet; HPS, hemophagocytic syndrome; EDTA, ethylenediaminetetraacetic acid; FDP, fibrin/fibrinogen degradation products. and serum samples and guarantee their quality, which means that the difference in the measuring samples did not affect the results of FDP.
Daily systemic inflammatory response syndrome (SIRS) criteria met by the patients were also determined (7) . Acute Physiology and Chronic Health Evaluation (APACHE) II score and Sequential Organ Failure Assessment (SOFA) score were assessed at the time of enrollment (8, 9) . If the patients met the criteria of the JAAM DIC and were included in the study (day 0), then blood sampling for DIC diagnosis and evaluation of SIRS criteria, APACHE II score, and SOFA score on day 3 was mandatory. Multiple organ dysfunction syndrome (MODS) (severe organ dysfunction with high mortality) was defined as having a SOFA score Ͼ11 (10). All patients were followed for 28 days after enrollment in the study and were assessed for 28-day all-cause mortality.
The surveillance was performed as a routine clinical workup, the collection of clinical and paraclinical data did not modify the patients' management, no interventions were conducted on the patients, and statistical analyses were processed anonymously. Based on these reasons, informed consent for participation in the study was waved by the JAAM.
DIC Diagnosis and Treatment. We used the JAAM DIC and ISTH overt DIC (ISTH DIC) diagnostic algorithm for scoring DIC. Scoring systems for the JAAM DIC definitions are presented in Table 1 and the other criteria are found elsewhere (3). FDP was used for fibrinrelated marker in the ISTH criteria. No increase, moderate increase, and strong increase were defined as FDP Ͻ10, Ͼ10 Ͻ25, Ͼ25, respectively. All laboratory tests to confirm or reject the diagnosis of DIC were consecutively measured when DIC was clinically suspected based on the patients' symptoms or laboratory data. The differential diagnosis of the disorders presented in Table 1 from DIC was systemically applied to all the patients suspected of having DIC. Management of DIC included a combination of anticoagulants, plasma and platelet substitution therapy, and coagulation inhibitor concentrate based on the Japanese Ministry of Health and Welfare guideline. The standard treatments for the underlining disorders of DIC were applied simultaneously to the patients.
Statistical Analysis. If not otherwise noted, the data are reported as the mean Ϯ SD. The Mann-Whitney U test or Wilcoxon's signed ranks test was applied for two-group unpaired and paired comparisons. The unpaired Student's t-test was used for the parametric data. Proportions were compared using the chisquare test or Fisher's exact test when necessary. The relationships between the outcome and the following various factors were analyzed by two logistic regression analyses (common method and backward elimination method based on the likelihood ratio). The common method of logistic analysis used the 
RESULTS
Baseline Characteristics of the Patients. During a 4-month survey period, 3,864 patients were admitted to the 14 centers participating in the study. Of the 3,864 patients, 329 (8.5%) were diagnosed as having DIC, and the 28-day mortality of the patients was 21.9% (72 of 329), which was significantly different from that of the non-DIC patients (11.2%, 396 of 3,535) (p Ͻ Table 3 .
DIC-Related Markers and Clinical Outcome. Higher APACHE II score, SOFA score, and SIRS criteria were observed in the nonsurvivors than in survivors (Table  3 and Fig. 1 ). Figure 1 also shows the DIC scores and measured variables on days 0 and 3 in the survivors and nonsurvivors. Significantly different changes were observed over this time course in the platelet count, FDP, and D-dimer between the survivors and nonsurvivors. The nonsurvivors showed a significant reduction in their platelet count, but FDP and Ddimer remained at high levels until day 3. In contrast, the platelet count on day 3 remained the same as values from day 0, and the levels of FDP and D-dimer in survivors significantly decreased on day 3. Although there was no difference in the time course of the prothrombin time ratio, significant differences were found in this ratio between the survivors and nonsurvivors on days 0 and 3. A logistic regression analysis showed a high pro- thrombin time ratio at the time of diagnosis of DIC to independently predict the 28-day mortality of the DIC patients (odds ratio 2.143, p ϭ .004, 95% confidence interval 1.277-3.595) ( Table 4 ). An increase in the APACHE II score, progression of systemic inflammation, deterioration of multiple organ function, and a trend in increased mortality rate were observed with an increase in the JAAM DIC score assigned to the patients on day 0. The results are shown in Table 5 . There was a significant difference in the JAAM DIC score at the time of inclusion between the survivors and nonsurvivors (p Ͻ .05) (Fig. 1) . However, there were no significant differences in the ISTH scores between the two groups ( Table 3) . The logistic regression analysis also suggests that the JAAM DIC score at the time of DIC diagnosis is a predictor of mortality (odds ratio 1.223, p ϭ .046, 95% confidence interval 1.004 -1.489) ( Table 4) .
Relationship Between the Patients Diagnosed by the JAAM and ISTH DIC Criteria. Table 5 demonstrates that the JAAM DIC score at the time of inclusion had a significant correlation with the ISTH DIC score and the incidence of the ISTH DIC. 
DISCUSSION
According to the ISTH definition, the ISTH scoring system should be used only in patients with specific underlying diseases, which thus makes the system highly specific for the DIC diagnosis (3). As discussed in previous studies, the JAAM criteria consist of clinical conditions that may be associated with DIC, clinical conditions that should be carefully ruled out, and scoring algorithms for SIRS and DIC (6, 9, 11) . The present study provides the entire JAAM scoring system in Table 1 . We carefully excluded any patients who had had false-positive high DIC scores, such as those with hematologic malignancies, bone marrow suppression according to chemotherapy, and irradiation in the present study. These exclusion criteria, the confirmation of an explicit etiology, and the lists of conditions to be ruled out in our scoring system give specificity in the DIC diagnosis and support the validity of the results in our study.
The present study demonstrated an 8.5% incidence of DIC diagnosed by the JAAM criteria in heterogeneous critically A, multivariate logistic regression analysis; SIRS, systemic inflammatory response syndrome; FDP, fibrin/fibrinogen degradation products; B, stepwise method (backward elimination method based on likelihood ratio) of logistic regression analysis; JAAM, Japanese Association for Acute Medicine; DIC, disseminated intravascular coagulation. ill patients admitted to a general ICU in a tertiary care hospital. The DIC patients showed a 28-day mortality rate of 21.9%, which was higher than that of the non-DIC patients. The prevalence of DIC in the previous study that included the patients when their platelet counts decreased to Ͻ150 ϫ 10 9 /L was 67.4% and the mortality rate was 20.7% (6) . The present study, without the selection bias of the platelet count, more precisely reflects the incidence of DIC in a critical care setting. Furthermore, coincidence with mortality rate in the two studies suggests that approximately 20% of the patients diagnosed by the JAAM criteria will die within a month. In other studies, the ISTH overt DIC diagnostic criteria found 9.2% (12), 10.1% (5), 19% (13) , and 34% (4) DIC patients among the critically ill, and their mortality rates were unknown, 40%, 77.6%, and 45%, respectively. The heterogeneity of the selected patient population and the disease severity make both the interpretation and comparison of the results between these studies and the results presented herein difficult. However, it is possible to estimate that the mortality rates (40% and 45%) of the ISTH DIC patients in the studies that enrolled the same patient population as presented here are approximately double that of the JAAM DIC patients (21.9%) in the present study (4, 13) .
Significant differences in the JAAM DIC score at inclusion between survivors and nonsurvivors and the results of logistic regression analysis revealed that the JAAM DIC scoring system is a predictor of mortality. In addition to the significant impact of the rate of platelet decrease and the SIRS category to the SOFA score and mortality observed in the previous study (6) , the present study further indicates that prothrombin time ratio at the time of diagnosis of DIC is also an independent predictor of mortality. Furthermore, different kinetics of platelet counts and FDP between survivors and nonsurvivors after DIC diagnosis suggest an important role of these variables for the patient prognosis. DIC has been clearly established to be a frequent complication of systemic inflammation (14) . Dhainaut et al. (15) demonstrated the composite dynamic coagulation score during the first day of severe sepsis to accurately identify patients who would progress to MODS and subsequent death. In addition, Kinasewitz and his colleagues (16) showed that a simple evolving DIC score that consists of the dynamic changes in platelet count and prothrombin time, as well as their absolute values, has a good correlation with MODS and patient prognosis. All of these results suggest that the criteria adopted in the scoring algorithm reported in this study may improve the diagnostic and prognostic power of the DIC diagnostic scoring system (17) .
The ISTH defines nonovert DIC as a hemostatic dysfunction that is not yet at the stage of severe decompensation (3). Nonovert DIC serves as a possible harbinger of overt DIC, a stressed but decompensated hemostatic system. Therefore, during this transitional state, therapeutic intervention is thought to be most effective (18, 19) . The nonovert DIC algorithm, however, cannot predict overt DIC, thus suggesting that nonovert DIC is independent of overt DIC (5). On the contrary, almost all the patients who developed the ISTH DIC (overt DIC) could be identified based on the JAAM DIC criteria (6) . The present study demonstrated the progression of the JAAM DIC to the ISTH DIC by stepwise increases in the incidence of the ISTH DIC and its scores, in accordance with the increase in the JAAM DIC score. In addition, progressively increasing MODS and mortality rates were observed in the patients with the ISTH DIC compared with those without this diagnosis. The JAAM DIC criteria could detect DIC patients developing MODS and poor outcome with approximately one half risk of the ISTH criteria. These results clearly indicate that the JAAM DIC is a hierarchal continuum to the ISTH overt DIC and therefore has the ability to predict full-blown DIC. Specifically, the result suggests that the JAAM DIC criteria can diagnose a stressed but compensated DIC.
The inclusion of the dynamics of the coagulation changes that have a strong predictive power (15) (16) (17) and better sensitivity than the ISTH criteria to select DIC patients for early treatment are the two main features of the JAAM DIC diagnostic criteria. In these respects, the JAAM system may have a better performance than the ISTH nonovert system. APACHE, Acute Physiology and Chronic Health Evaluation; max, maximum criteria or score that the patients met on day 0 and day SOFA, Sequential Organ Failure Assessment; SIRS, systemic inflammatory response syndrome; MODS, multiple organ dysfunction syndrome.
